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A N  INS'I'RUMENT FOR THE RAPID MEASUREMENT OF 

SURFACE DEFORMATIONS OF A 210-FT RADIO 

TELESCOPE 

M.J. PUTTOCK and H . C .  MINNETT 

A b s t r a c t  - A d e s c r i p t i o n  is g iven  ofan i n s t r  iment 

de.; i i:ncd for r a p i d  itieasurcmcnt of tlic su r face  deformat ions  

of  t i i c  2 1 0 - i t  r a d i o  t c l c s c o p e  a t  P n r k c s ,  A u s t r a l i a .  

I'hc perTorrnaiicc of tlic i n s t r u m e n t  i s  assessed, 

p a r t i c u l a r l y  t h c  accuracy  01 measurements oi s u r f a c e  de-  

f l c c t i o r i s  which occur  when t h c  d i s h  i s  t i l t e d  from t h e  

z e n i t h .  I t  i s  shown t h a t  t h i s  accuracy  co r re sponds  t o  

about  1 mm a t  t h c  r i m  o f  t h e  d i s h  f o r  a z e n i t h  a n g l e  o f  

60" :tiid i s  s u b s t a n t i a l l y  less f o r  s m a l l e r  z e n i t h  a n g l e s  

;ind l-or p o s i t i o n s  on tlic surface a t  smaller r a d i i  from 

thc VC' rt c x .  

Informat ion  i s  a l s o  g ivcn  on t h e  f a c i l i t y  pro-  

vidctl by thc i n s t r u m e n t  f o r  t h c  r a p i d  measurement of other 

i m p o r t a n t  Eca tu rcs  such as  €ecd p o s i t i o n  and def l ec t ion ,  

--- 
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rclat i onsh ip  01 t h c  d i s h  t o  t h e  v c r t i c a l  and t h e  e f f ec t  

o n  t l i c  dish a x i s  of  i r r c g u l a r i t i c s  i n  t h e  azimuth t r ack .  

I 
I 
I 
I 
B 
B 

INTRODUCTION 

The 2 1 0 - f t  r a d i o  t e l e s c o p e  a t  t h e  A u s t r a l i a n  

N a t i o n a l  Radio Astronomy Obse rva to ry ,  P a r k e s ,  N.S .W. ,  

w h i c h  i s  p a r t  oE t h e  D i v i s i o n  of Rad iophys ic s ,  C S I R O ,  

bcgan o p c r a t i o n s  i n  O c t o b e r ,  1961. I t  was dcs igned  by 

Frccmm, Fox and I ’or tncrs ,  London, t o  a s p c c i f i c a t i o n  

which r c q u i r c d  t h a t  tlic d i s h  s u r f a c e  s h o u l d  bc  of p a r a -  

b o l o i d a l  lorm w i t h i n  t h c  p e r m i s s i b l c  e r r o r  of  * 0 . 5  inch 

(“12 mm). Thc 7 i 1 0 1 i t  impor tan t  c o n t r i b u t i o n  t o  t h c  p c r -  

Corni,iiic-e of  suc’li ;I t c l c s c o p e  i s  t h e  q u a l i t y  o f  t h e  

r c f l c c t o r  a n d  Yc[bcl as a r a d i o  a e r i a l .  Th i s  q u a l i t y  

ciepcncls t o  a ~ r ~ - ~ r :  l a r g e  e x t e n t  on t h e  accu racy  w i t h  

w h i c h  tlic disli s i i r f a c e  conforms t o  a p a r a b o l o i d  o f  r e v o l -  

u t i o n .  Des i gri ;t u d i e s  showed t h a t  somewhat b e t t e r  

s u r f a c c  accuracy  t h a n  t h a t  o r i g i n a l l y  s p e c i f i e d  s h o u l d  

b c  p o s s i b l c  arlJ a f t e r  t h c  d e s i g n  had been f i n a l i z e d  

thc c o n s t r u c t o r s ,  Maschinenfabrik-Augsburg-Nurnherg A.G.  

( \IAN) wcrc asked t o  a t t empt  t o  a d j u s t  t h e  s u r f a c e  t o  

s l i g h t l y  s m a l l e r  to le rances  namely, * 3  mm ove r  t h e  c e n t r a l  

30 C t  d i a m e t e r  s o l i d  p o r t i o n  and * 9  mm o v e r  t h e  mesh 

s u r f a c e  beyond. These f i g u r e s  werc w i t h  t h e  t e l e s c o p e  

at tlic z c n i t h ,  uniform t empera tu re  c o n d i t i o n s  ( n i g h t  
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t i m c  o r  compfctc c loud  c o v e r ) ,  and z e r o  wind. With 

thc r c r l c c t o r  a t  6 0 °  t o  t h e  t c n i t h  t h e  t o l e r a n c e s  on 

t h c  mcsh s c c t i o n  were doubled. 

I k t a i l s  o f  t h e  c o n s t r u c t i o n a l  f e a t u r e s  of t h e  

P a r k c s  t c l c s c o p c  (F ig .  1) have been g iven  e l sewhere  [l]. 

I t  w i l l  s u f f i c e  h e r e  t o  recal l  t h a t  t h e  d i s h  mesh s u r -  

f a c e  i s  d i v i d e d  i n t o  numerous p a n e l s  which a r e  a d j u s t -  

able ( t h c  c e n t r a l s o l i d  p a r t  w a s  a d j u s t a b l e  d u r i n g  con- 

s t r u c t i o n  b u t  is no longe r  s o ) .  E a r l y  c o n s i d e r a t i o n  

was g iven  as t o  t h e  most s a t i s f a c t o r y  method of mon i to r -  

ing  thc adjus tment  of thc d i s h  s u r f a c e  d u r i n g  c o n s t r u c -  

t i o n  and or s u r v c y i n g  t h c  s u r i a c c  a t  i n t e r v a l s  t h e r e -  

a f t e r .  Various  t e c h n i q u c s  were i n v e s t i g a t e d  and t h e  most 

s a t i s i a c t o r y  provcd t o  bc a t h c o d o l i t c  su rvey  w i t h  t h e  

t h c o d o l i t c  mounted a t  the  v e r t c x .  

The  mounting f o r  t h e  t h e o d o l i t e  c o n s i s t e d  o f  

a r i g i d  inctal  pyramid b o l t e d  t o  t h e  d i s h  s u r f a c e  a t  t h e  

v e r t c x ,  t h c  t h e o d o l i t e  t r u n n i o n  axis b e i n g  approx ima te ly  

1200 mm abovc t h c  s u r f a c e .  Two t h e o d o l i t e s  were ava i l -  

a b l e ,  a Kcrn DKM2 Tor t h e  b a s i c  s u r v e y  a t  t h e  z e n i t h  

p o s i t i o n  'and a s p e c i a l l y - c o n s t r u c t e d  t h e o d o l i t e ,  manu- 

[ l ]  1J.G. Rowen, and 1I .C.  M i n n e t t ,  "Thc A u s t r a l i a n  210-ft 

Radio Te  1 e s c ope 'I, Proc .  IRE (Aust , )  v o l .  2 4 ,  no .2 ,  

p p .  98-105; February 1963. 



- 4 -  

I 
I 

f a c t u r c d  hy Askania-Wcrkc , f o r  measurements o f  deform- 

a t i o n s  o f  thc d i s h  s u r f a c e ,  r e l a t i v e  t o  t h e  b a s i c  s u r v e y ,  

whcn t h c  r a d i o  t c l c s c o p c  was t i l t e d  from t h e  z e n i t h  by 

a n g l c s  o r  up t o  6 0 ° .  

Approximatcly 700 t a r g c t s  wcre d i s t r i b u t e d  

o v c r  thc Iiicsh su r rncc  o r  t h e  d i s h ;  these c o n s i s t e d  o f  

sma 1 1  coiicq l o c n t c d  a t  the n c l j u s t m c n t  p o i n t s  of  t h c  

mesh p a ~ i c > l s ,  i n  a s c r i c s  o f  rinjgs c o n c c n t r i c  w i t h  t h e  

v e r t c x .  The l i n e a r  d i s t a n c c  o r  cach t a r g e t  from t h e  

v c r t c x  was mcasurcd by mcans of c a l i b r a t e d  s t e e l  tapes.  

Diiring t h c  c o n s t r u c t  ion  of  tlic t e l e s c o p e  

( c a r r i c d  o u t ,  oC c o u r s c ,  w i t h  t h e  d i s h  a t  t h e  z e n i t h )  

t h c  t h c o d o l i t c  t echn iquc  p rovcd  cx t rcmcly  s a t i s f a c t o r y ,  

t h e  a d j ~ t s t ~ c n t s  t o  tfic surl'acc o i  t h e  acsh  b e i n g  s imply  

t l iosc o r  l ~ r i n g i n g  e:tcli t a r g c t  t o  i t s  c n l c u l a t c d  c o r r c c t  

aiigul ;ir pos i t ion.  

'l'lic o h s c r v a t i o n s  r c q u i r c d  t o  c a r r y  o u t  a com- 

p l c t c  survey  oC t h c  d i s h  s u r f a c c  a t t h e  z c n i t h  t o  t h e  

b e s t  accuracy  were timc-consuming b u t  gavc e x c e l l e n t  

r c s u l t s .  hlcnsurcments of  t h e  d e i l c c t i o n s  o f  t h e  s u r -  

face whcn t h e  d i s h  was t i l t c d  provcd t o  be an ex t r eme ly  

uncomCortahlc t a s k ,  wcrc f a r  lcss accurate and much 

more l cnq thy  . 
[ t  was shown, however, t h a t  thc.  s p c c i f i c a t i o n  

h a d  I-,c.c>n vc'ry c l o s c l y  adhcrcd t o ;  subscqurn t  g a i n  
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ntcas~rr(.ai(.nts a t  wavclcngths o f  20 c m  and 10 cm confirmed 

t h i s  ;iritl  tic.Ld promisc oP s a t i s f a c t o r y  pcrEormancc a t  

shor te r  w:ivclcngths. 

I n  1962 t h c  Na t iona l  Aeronau t i c s  and Spacc 

Adi i i in i s t ra t ion  o €  t h e  U.S.A. made a v a i l a b l c  a g r a n t  f o r  

a s t u d y  o i  t h c  e n g i n e e r i n g  a s p e c t s  o f  t h e  performance 

o f  t h c  P a r l i e s  t e l c s c o p e .  As p a r t  of  t h i s  programme, 

t h e  a u t h o r s  undcrtook an i n v e s t i g a t i o n  aimed p r i m a r i l y  

a t  o h t n i n j n g  more p r c c i s c  in fo rma t ion  on t h c  changes 

i r i  sur racc  shapc d u r i n g  t i l t i n g  of t h c  d i s h ;  t h e  b a s i c  

~ ~ C C U ~ ; I C Y  rcqui rcmcnt  f o r  t h c  mcasurcmcnt was t o  be l m m ,  

norm:il t o  thc s u r f a c e ,  a t  t h c  r i m  (approxirnatcly 

30,000 mm irom thc vcr t cx )  and ,  if p o s s i b l e ,  p r o p o r t i o n -  

a l l y  w i t h i n .  Th i s  cor responds  t o  an accuracy  on t h e o d o l i t e  

a n g l e s  Prom t h e  v e r t e x  o f  b e t t e r  t h a n  7 seconds o f  a r c  

on a l l  t a r g e t s .  

2 .  PRELIMINARY INVESTIGATIONS 

'I'hc problcrn was cons ide red  a f r e s h  from a l l  as- 

pccts  ;tnd tlic c a p a b i l i t i e s  of a numbcr o f  p o s s i b l e  

tcc1iniquc.s werc c r i t i c a l l y  a s s c s s c d .  The c o n c l u s i o n  

rcacl icd was t h a t  a t h c o d o l i t c - t y p c  su rvey  from t h e  v e r t e x  

providcd  the  most f e a s i b l e  and p r a c t i c a l  method of  ob- 

t a i n i n g  t h e  r e q u i r e d  in fo rma t ion  w i t h i n  t h e  s p e c i f i e d  

accu racy .  
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Since  t h e  e q u i v a l e n t  d e f l e c t i o n  normal t o  t h e  d i s h  

s u r f n c c  f o r  ;I given  change i n  r a d i a l  d i s t a n c e  o f  a s u r -  

face t;iry,c>t froin thc v c r t c x  is r c l a t i v c l y  small ( a t  t h e  

riiii t Ire. factor is 1 : 4 )  and s i n c c  t h o  s t r u c t u r c  o f  t h e  

d i s l i  is sucli  t h a t  t h e  c a l c u l a t c d  v a l u e s  f o r  t h e s e  r a d i a l  

iiiov~iiic~its n rc thcmsclvcs  very  s m a l l ,  t h e  problem e s s e n t i a l l y  

I,ccame O J I C  of measuring small changes i n  a n g l e .  I t  was 

obvious a l s o  t h a t  t h e  equipment and t e c h n i q u e s  s h o u l d  be 
such  a s  t o  e n a b l e  a l a r E e  number of  o b s e r v a t i o n s  t o  be 

/made i i i  a r c l a t i v e l y  s h o r t  t i m e  as t e l e s c o p e  t i m e  ava i l -  

a b l e  f o r  t h i s  work would be v e r y  l i m i t e d ;  i n  o t h e r  words, 

somc nutomation w a s  i n d i c a t e d .  Fur thermore ,  a l though  

i i i ~ ; ~ s i ~ i . ~ i i i ~ ~ i i t s  would normally h c  madc a t  n i g h t  d u r i n g  a 

I)c-’riocl o f  t i icrmal s t a b i l i t y  o f  thc d i s h  s t r u c t u r c ,  it 

must ijc ! ,os l ; ih ic  a l s o  t o  o p e r a t e  i n  d a y l i g h t  and perhaps  

assess t h c  thermal effects .  

I3nscd on t h e s e  requi rements  an au tomat i c  pho tograph ic  

technique was worked o u t  i n  o u t l i n e  and t h i s  i s  i l l u s t r a t e d  

i n  F i g .  2 .  The p r o p o s a l  c o n s i s t e d  o f  p u t t i n g  a beaded 

r c f l e c t o r  behind  each s u r f a c e  t a r g e t ,  i l l u m i n a t i n g  t h e  

t a r g c x t  1)y illcans of a s p o t l i g h t ,  o b s e r v i n g  t h e  t a r g e t  w i t h  

;I tc~1c: ;~:opc and p r o j c c t i n g  an iin:igc o f  tlic t a r g e t  and 

t h c  t c  L(.~;copc ! l r : i t i cu lc  on t o  a 35 mm f i l m  i n  an au tomat i c  

canic’r;i. By p l a c i n g  t h e  a l ignment  t e l e s c o p e  below t h e  

c l i s l i  s u r f a c c  a t  t h e  v e r t e x  w i t h  i t s  a x i s  a long  t h e  d i s h  

a x i s ,  i t  would b e p o s s i b l e  f o r  t h e  t e l e s c o p e  and camera 
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t o  bc r i g i d l y  f i x e d  and t h e  on ly  items r e q u i r i n g  r o t a t i o n  

would bc a m i r r o r  and t h e  s p o t l i g h t ;  bo th  t h e  m i r r o r  and 

thc s p o t l i g h t  would, o f  course ,  nccd t o  I>c prov ided  w i t h  

a d j  ustincnt o r  :ingle i n  c l c v a t i o n .  The t cchn iyuc  would 

bc t o  s c t  thc  m i r r o r  f o r  a g ivcn  r i n g  of t a r g e t s ,  

photograph a l l  t a r g c t s  i n  t h a t  r i n g  w i t h  t h e  disli p o i n t -  

i n g  t o  t h c  z e n i t h  and t h e n  o b t a i n  s i m i l a r  s e t s  o f  photo-  

graphs  of t h e  same r i n g  a t  v a r i o u s  i n c l i n a t i o n s  o f  t h e  

d i s h .  Mcasurements would t h e n  be made on t h e  pho tograph ic  

n c g a t i v c s  o f  the r e l a t i o n s h i p s  of  t h e  images o f  t h e  t a r g e t s  

w i t h  r c s p c c t  t o  t h c  images of t h c  a l ignment  t c l c s c o p c  

!!r;i(-i c - i i l c \  :ind hcncc o b t a i n ,  by comparisons w i t h  t l ic  z e n i t h  

s c t ,  ~ t i ~ ; ~ s t i r c n i c n t s  oT t h c  movcmcnts of  t hc  t a r g c t  !iorrnal 

t o  t l i c  1 iiic o f  s i g h t .  

‘I’ivo p r c l  iminary cxpcr imcnts  wcre c a r r i e d  o u t :  

t h c >  f i r s t ,  t o a s s c s s  t he  C e a s i b i l i t y  o f  t h c  pho tograp l iy ,  

thc  second,  t o  dc tc rmine  t h e  Iorm of s p i n d l e  and b e a r i r g  

f o r  tiic r o t a t i n g  m i r r o r .  

I t  was found t h a t  adequate  r e s o l u t i o n  c o u l d  b c  

obta i i icd  i n  thc photography u s i n g  I lTord  IIP3 f i l m ,  a 

s i i i ~ : l c ~  4 8  wat t  s p o t l i g h t  and 1 /25-sccond exposure ;  i n  

the  T i n ; l 1  cquipmcnt,  t h i s  w a s  changcd t o  T l f o r d  F P 3 ,  t l i o  

s p o t l i g l i t s  and 1/15-sccond exposurc  w i t h  c o n t r o l  of 

l i g h t  i n t c n s i t y  t o  s u i t  t h e  r i n g  a f  t a r g c t s  b c i n g  mcr t sLrc>d .  
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Thc d i r e c t i o n a l  r c i l c c t i v c  p r o p e r t y  o€ t h e  beaded re -  

f l e c t o r  bchind  t h e  t a rgc t  was such  t h a t  t h e  exposure 

was c o n t r o l l e d  a lmost  c n t i r e l y  by t h e  i n t e n s i t y  of t h e  

s p o t l i g h t s  and t h e  exposurc f o r  any g iven  t a r g e t  c o u l d  

bc the samc both  day and n i g h t .  I t  was a l s o  found t h a t  

w i t h  t h c  a l ignment  t c l c s c o p c  it was p o s s i b l e  t o  use  t h e  

o c u l a r  v i r t u a l l y  as thc camera l e n s  wi th  n c g l i g i b l e  d i s -  

t o r t i o n .  

I n i t i a l l y  i t  was though t  t h a t  t h e  ve ry  h i g h  

p r e c i s i o n  r e q u i r e d  f o r  t h e  m i r r o r  s p i n d l e  would r e q u i r e  

t h c  dcsigrr of a s p c c i a l  bca r ing .  I t  was dec ided ,  f o r -  

t u n a t c l y ,  t o  t r y  f irst  a p a i r  o f  commercial b e a r i n g s  

(Fischcr  70 mm Super  Vrcc i s ion  Hearing MM214W1-CR) and 

an c s p c r i m c n t a l  s p i n d l c  assembly was c o n s t r u c t e d  and 

s u b j c c t c d  t o  t e s t .  Although t h e  a x i s  of  r o t a t i o n  was 

found t o  vary  i n  p o s i t i o n  d u r i n g  one r e v o l u t i o n  (eccen-  

t r i c i t y  o f  approx. 0.000 0 7  i n c h )  t h i s  v a r i a t i o n  w a s  

found t o  I-ollow t h e  samc p a t t c r n  i n  each and eve ry  r e v o l  

u t i o n  w i t h i n  0 .000  0 1  inch  as measured r a d i a l l y  i n  t h e  

p l a n c  o r  t h e  b c a r i n g  and w i t h i n  0 .000  1 5  i n c h  a x i a l l y .  

I t  w a s  t h c r c f o r c  dec idcd  t o  usc  t h i s  b e a r i n g  i n  t h e  

I i n a l  ccluipmcnt. 
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3 .  AUTOMATIC SURVEY INSTRUMENT 

Tlic Cinal d c s i g n  of t h c  au tomat i c  su rvcy  i n -  

struiiiciit was o r  ricccssity i n i l u c n c c d  by thc f a c t  t h a t  

i t  had t o  €it i n t o  t h c  c x i s t i n g  s t r u c t u r e .  C c r t a i n  de-  

t a i l s  i n  t h c  d e s i g n  o f  t h e  mounting are n o t ,  t h e r e f o r e ,  

as k i n e m a t i c a l l y  sound as one would d e s i r e ;  t h e y  do 

n o t ,  however, a l t e r  t h e  general concept  nor  do t h e y  have 

a s e r i o u s l y  adve r se  a f f e c t  on t h e  accuracy  of t h e  i n -  

s t r u m c n t .  The in s t rumen t  has  been l o c a t e d  a t  t h e  ver -  

t e x  i n  p l a c c  o f  t h c  o r i g i n a l  pyramid f o r  t h e  Kern and 

Ash:ini : i  t h c o d o l i t c s  and  t h e  g c n c r a l  arrangcmcnt  is shown 

i n  1; ig .  3 .  

A vcry  r o b u s t  pyramid car r ics  thc  s p i n d l c  and 

m i r r o r  assembly. Thc s p i n d l e  b e a r i n g s  a r e  spaced  2 4  

i n c h e s  a p a r t  t o  reduce  any effects  o f  t h e  b e a r i n g  i n -  

a c c u r a c i e s  on t h e  s t a b i l i t y  of  t h e  axis  o f  r o t a t i o n .  

The s p i n d l e  i t s e l f  is  i n  t h e  form o f  a t ube  and a t  t h e  

uppcr  end h a s  a f i n i s h e d  bo re  c o n c e n t r i c  w i t h  the  axis 

OC r o t a t i o n  and o i  such  a s i z c  t h a t  an a l ignment  t e l e -  

S C O I W  o r  c -011  imator  u n i t  c a n  hc p r c c i s c l y  l o c a t e d  i n  i t .  

'I'lic. n i i  rroi- : issccil , ly i s  mountcd on  ;i p r c c i s j  on-ground 

s p i g o t  l o c a t i n g  i n  this f i n i s h e d  b o r c  o f  the s p i n d l e .  

'Thc m i r r o r  a x i s  is s q u a r c  t o  t h e  s p i n d l c  a x i s  and t h e  

mirror may bc a d j u s t e d  i n  c l e v a t i o n  ang le  by a worm 

and s e c t o r  d r i v e ;  a p e r f o r a t e d  f i x e d  d i s k  and s p r i n g  
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- C d  
l o a d / p l u n g c r  arm f a c i l i t a t c  t h e  s e t t i n g  of' t h e  m i r r o r  

a n g l e  f o r  any p a r t i c u l a r  r i n g  o f  t a r g e t s  and a l o c k i n g  

dev ice  e n s u r e s  t h a t  t h e  m i r r o r  a n g l e  cannot  change du r -  

i n g  a series of o b s e r v a t i o n s .  The m i r r o r  u n i t  i s ,  of  

c o u r s e ,  l ocked  t o  t h e  s p i n d l e .  

The pyramid i s  l o c a t e d  andheld  r i g i d l y  t o  

t h e  s u r f a c e  o f  t h e  d i s h  by means of 2 4  holding-down 

b o l t s  o p c r a t i n g  i n  o p p o s i t i o n  t o  an ccjual numbcr o f  

a d j u s t i n g  scrcws. T h i s  l n t t c r  arrangcmcnt  was n c c e s s a r y  

as t l i c x  a x i s  o r  tlic m i r r o r  s p j n d l c  had t o  h c  a l i g n e d  w i t h  

3 rcrcrcncc a x i s  of  t h c  r a d i o  t c l e s c o p e  d e f i n c d  by two 

s p c c i a l  t a r g c t s ,  one i n  the f ' loor  o f  t h e  v e r t e x  room 

(73- i t  hclow d i s h  s u r f a c e )  and onc i n  t h e  f l o o r  o f  t h e  

hub room (15$ i t  below d i s h  s u r f a c e ) .  

The two s p o t l i g h t s ?  w i t h  t h e i r  t i l t i n g  mechanism, 

are c r t r r i cd  on a t u r n t a b l e  mounted on an independent  and 

much l i  g h t c r  t r i p o d .  S p e c i a l  s l i p  r i n g s  mounted under  

thc t r i r n t a h l c  ; ~ n d  w i t h  m u l t i p l e  c o n t a c t s  ( t o  c l i r n i n a t e  

arcin!:) traiisixit tlic 1 2  V AC s u p p l y  t o  tllc s p o t l i g h t s .  

'Thc s 1 ~ o t i i g h t s  arc' u scd  w i t h  ;i r h c o s t a t  i n  s e r i e s  t o  g i v e  

c o n t r o l  o r  1 j j : l t t  i n t e n s i t y ,  s i n c c  by v a r y i n g  t h i s  i n t e n -  

s i t y  i n  an a p p r o p r i a t e  manner i t  i s  p o s s i b l e  t o  o b t a i n  

t h e  c o r r e c t  c q o s u r c  w i t h  only  one s h u t t e r  speed  s e t t i n g ;  

t h i s  s impli i ics  t h c  s h u t t e r  o p e r a t i n g  mechanism c o n s i d e r -  

ab ly .  
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R o t a t i o n  of t h e  m i r r o r  s p i n d l e  and of t h e  l i g h t s  

i s  c f f c c t e d  through 3 g e a r  box l o c a t e d  below t h e  pyramid 

bot tom p l a t e .  A f r a c t i o n a l  horsepower motor d r i v e s  con- 

t i n u o u s l y  i n t o  t h e  gear box and two synchron izcd  o u t p u t s  

arc couplcd ,  t h rough  f l c x i b l c  coup1 i n g s ,  t o  t h c  m i r r o r  

s p  in t l le  a n d  l i g h t s  t u r n t a b l c  r c s p c c t i v c l y  . I n t e r m i t t e n t  

mot ion  i s  impar ted  t o  t h e s e  o u t p u t s  th rough a s i n g l e  

Gcncvit mechanism g i v i n g  G O  d w e l l s  (maximum number o f  

t a r g e t s  i n  a r i n g )  p e r  r e v o l u t i o n  o f  t h e  o u t p u t s .  I n  

a d d i t i o n ,  a c 3 m  i n  t he  gea r  box o p e r a t e s  a microswi tch  

i n  tlic camera c i r c u i t ,  t h e r c b y  o p e r a t i n g  t h e  s h u t t e r ;  

thc t i i i t c  f o r  which t h c  microswitch i s  d e p r e s s e d  i s  t h e  

actu:l1 cxposurc  t imc and w i t h  t h c  cam r o t a t i n g  a t  15 r.17.n. 

;I d w c . 1 1  of  O 0  givvcs sccond exposure .  The approximate 1 
€5 

sc~yuc~rnce  timcs a r c  1 s c c o n d  t o  inclcx Crom one t a r g e t  t o  

tlic ncx t  w i t h  a 3-sccond dwe l l  on t a r g e t ,  the s h u t t e r  

being t r i g g e r e d  a f t c r  Z$- scconds  o f  t h i s  dwel; p e r i o d .  

I t  t a k c s  approximate ly  4 minutes  t o  complete  a r i n g  o f  

t a r g e t s  and o b t a i n  00  cxposurcs ;  t h i s  t ime i s  less t h a n  

t h e  i r t i n i m u i n  timc o €  6 minutes  r c q u i r e d  t o  tilt t h e  d i s h  

froin o t o  o O O .  

'Thc t c l c s c o p c  and camera a r e  mounted below t h e  

bottom p!;ite o f  the pyramid u n a  ve ry  r i g i d  b r n c k c t  

( n i a x i n i r i n t  r i g i d i t y  i n  t h e  p l t l n c  o f  t i l t ) .  T h e  t c l e s c o p c ,  

w h  i ch is ;i i i  A1 i gnrncnt ' I ' c I c sco ;~~  stadc by R a n k  ' l 'aylor IIobson, 
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i s  mounted i n  vee b locks  on a p l a t e  b o l t e d  t o  t h e  main 

b r a c k e t  and i s  provided  wi th  screw adjus tments  t o  en -  

a b l e  t h e  o p t i c a l  a x i s  o f  t h e  t e l e s c o p e  t o  be a l i g n e d  

w i t h  t h c  a x i s  of  r o t a t i o n  o f  t h e  m i r r o r  s p i n d l e .  

Tlic  camera, made by D .  Shackman and Sons 

(Moclc. I ACL/lOO/!!/VkZ], has a r c f l c x  v i cwf inde r  which,  

w i t l i  t - t ic -  a i d  o f  ;i low-power m a g n i f i e r ,  cna l i les  tlic t c l e -  

scopc g r n t i c u l c  a - ~ d  thc imagc o f  t h c  t a r g e t  t o  b c  

focussed s a t i s l n c t o r i l y  i n  t h c  f i l m  p lanc .  I t  t a k e s  a 

100  rt l e n g t h  of 35 mm f i l m  which g i v e s  approximate ly  

750 exposures  a t  one loading. 

I f  on ly  a few exposures  a r e  r e q u i r e d  f o r  a 

s p e c i a l  purpose,  i t  has proved more s a t i s f a c t o r y  t o  re-  

place tlic l a r g e  Shncki:ian camcra w i t h  a s t a n d a r d  35 mm 

r c f l c x  cmncra hody  ant1 s t a n d a r d  c a s s c t t e s .  A s imple  

s l c c v c - t y p c  a d a p t o r  i s  a l l  t h a t  i s  r c q u i r e d  t o  a t t a c h  

the stant1;ird camera body t o  t h c  al ignment  t e l e s c o p e ;  

i n  oiir c;isc, w c  uscd  an Asrthi Pcntax camera body w i t h  

r i g h t - a n g  t c  v i cwf indc r  a t tachment .  

'The su rvey  in s t rumen t  was mounted i n  a s p e c i a l  

s t a n d  l o r  t c s t i n g  piirnoses and f o r  t r a n s p o r t  from t h e  

Div i s  i o n ' s  l a b o r a t o r i e s  i n  Sydney t o  t h e  t e l e s c o p e  a t  

ParLcs, n d i s t a n c e  of somc 200 m i l e s .  F igu re  4 shows 

t h e  t i n i t  i n  t h c  t e s t  s t a n d ;  t h e  35 mm camera shown i s  

an c ; i r - l i c r  modcl than t h a t  i i n a l l y  f i t t e d  and t o  which 
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r e f e r e n c e  has  a l r e a d y  been made. 

Labora tory  t e s t i n g  was n o t  extensive owing 

t o  t h e  n e c e s s i t y  o f  g e t t i n g  t h e  i n s t r u m e n t  t o  Parkes  

f o r  i n s t a l l a t i o n  d u r i n g  one of t h e  h a l f - y e a r l y  ove rhau l  

p e r i o d s  on thc r a d i o  t c l e s c o p c .  Somc f u n c t i o n i n g  t e s t s  

wcrc' m a d ( .  , Iiowcvcr, and  i n  p a r t i c u l a r  t h e  r e p e a t a b i l i t y  

o r  t l t t ?  i 1 i e - t  riinicnt W ; I C ;  dctcrmincd b y  s e t t i n g  up  n s p c c i -  

mcn t:ir!:c.t a t  a d i s 1 : i n c c  01 30 f t ,  ;inti t a k i n g  a sc r ies  

o f  pIioto!:r*aplis ove r  a number of r c v o l u t i o n s  o f  t h e  

s p i n d l c .  No d e t e c t a b l e  v a r i a t i o n  o €  t h e  t a r g e t  image 

p o s i t i o n  was observed  and t h i s  i n d i c a t e d  t h a t  r e p e a t a b i l i t y  

w a s  c c r t a i n l y  n o t  h o r s e  than  t h e  r e s o l u t i o n  o f  t h i s  

p a r t  i c u l ; l r  cxpcrimerit ,  approximate ly  5 seconds of arc.  

4 . 5lJRFACE TARGETS 

I'lrc o r i  j : i i i : i J  c o n i c a l  t a r g e t s  uscd i n  t h e  coii- 

s t r u c t i o r i  o r  t h c  d i s h  w c x  found t o  IJC a l i t t l e  s h o r t  

f o r  good piiotograpli}. arid n o t  well-s ji;ipcd. They were 

r e p l a c e d  by ncw anodizcd  b l a c k  aluminimum t a r g e t s ,  as 

shown i n  1:ig. 5 ,  a l l  b e i n g  i n d i v i d u a l l y  i d e n t i f i e d .  

The headed r c i l e c t o r  b e h i n d  t h e  t a r g e t  gave 

soinc t r n u l ) I c  a t  f i r s t .  T h i s  was (1uc t o  a number of 

variables i n  t h c  m n f c k r i a l ,  a l l  o f  which were r e s o l v e d  

w i t h  t l i z .  coopcr; i t ion o f  t h e  i nanufac tu rc r ' s  r e p r e s e n t a t i v e s .  
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I t  is e s s e n t i a l  f o r  good pho tograph ic  r e s u l t s  t h a t  t h e  

bcad s i z c  shou ld  be as sma l l  a s  p o s s i b l e .  In  A u s t r a l i a  

t h c  bcst a v a i l a b l e  material appears  t o  be S c o t c h l i t e  

Imper i a l  White S e l f - a d h e s i v e ,  b u t  i t  is  n e c e s s a r y  t o  

c h c c k - t c s t  it as  t h e r e  are v a r i a t i o n s  from b a t c h  t o  ba t ch .  

A l l  t h e  r c f l e c t o r s  have been sp rayed  w i t h  S c o t c h l i t e  

700 c l e a r  l a c q u e r  t o  give weather  p r o t e c t i o n ;  t h e r e  is  

no s i g n i  f i c a n t  l o s s  o f  t h e  d i r e c t i o n a l  r e f l e c t i v i t y  b u t  

t h e  l a c q u c r  i t s e l f  p rov idcs  s p c c u l a r  r e f l e c t i o n  which 

l c a d s  t o  a markcd d c t c r i o r a t i o n  i n  imagc q u a l i t y .  This  

was c l i m i n a t e d  q u i t e  s imply  by s e t t i n g  each  r e f l e c t o r  

o u t  o r  s q u a r c  t o  t h e  l i n e  of s i g h t  by a f e w  d e g r e e s .  

All t h c  survey  measurements a r c  made t o  t h e  

c o n i c a l  p o i n t s  o f  t h e  survey  t a r g e t s  which a r e  mounted 

a t  the a d j u s t i n g  p o i n t s  o f  t h e  p u r l i n s  s u p p o r t i n g  t h e  

mesh s u r f a c e  p a n e l s .  The t a r g e t s  t h e r e f o r e  c o n s t i t u t e  

t h c  pr imary  su rvey  nctwork from which s e p a r a t e  i n t e r p o l -  

a t i o n  mcasurcmcnts can b e  made t o  assess i n d i v i d u a l  

pancl  dc fo rma t ions .  As p a r t  of t h i s  s e p a r a t e  s t u d y ,  

a s i m p l c  d i a l c o m p a r a t o r  has  been made (F ig .  6 ( a ) )  t o  

measure thc h e i g h t  of each t a r g e t  p o i n t  above t h e  mesh 

s u r f a c e  i n  i t s  immediate v i c i n i t y .  A s imi l a r  comparator  

has a l s o  heen  madc t o  measure t h e  h e i g h t s  o f  t a r g e t s  

obovc thc s u p p o r t i n g  p u r l i n  (F ig .  6 ( b ) )  . 
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5. T I E  P I i O T O G M P i i I C  NEGATIVE 

As a l r c a d y  s t a t e d  t h e  i n s t r u m e n t  i s  des igned  

t o  o p e r a t e  w i t h  on ly  one s h u t t e r  s e t t i n g ,  namely 1/15 

second,  and c o n t r o l  of exposure i s  made by mcans of a 

r h c o s t a t  i n  t h e  powcr supply  t o  the s p o t l i g h t s .  

A ser ies  of cxposure t e s t s  were c a r r i c d  o u t  

i n  c o n j u n c t i o n  w i t h  l i g h t  meter r e a d i n g s  o f  t h e  i n c i d e n t  

l i g h t  f a l l i n g  on each t a r g e t .  The rcsul t  of t h e s c  t e s t s  

showed t h a t  adequate  n e g a t i v e s  c o u l d  b e  o b t a i n e d  w i t h  

onc s l i u t t c r  speed  u s i n g  Ilfo1dFP3 ( f i n e  g r a i n  panchrom- 

a t i c )  f i l m  deve loped  i n  Kodak D76 d c v c l o p e r  and w i t h  

t h c  l i g h t s  c o n t r o l l c d  t o  g i v e  s e n s i b l y  t h e  same l i g h t  

f l u x  a t  cach  r i n g  o f  targets .  Th i s  c o n t r o l  was ach ieved  

by ad j us tmcrits r ang ing  irom t h c  use o f  one s p o t  l i g h t  

on ly  at 9 . 3  V t o  Iioth s p o t l i g h t s  a t  1 2 . 4  V.  

For  t h e  measurcmcnts on t h e  pho tograph ic  

n c g a t i v c  a Durs t  Photographic  E n l a r g e r ,  t ype  M35 w i t h  

50 mm f3 .5  l e n s ,  having an en largement  range  o f  x 2 t o  

x 16* i s  used. The image o f  t h e  t a r g e t  (see Fig .  5 

i n s c r t ) ,  i s ,  i n  e v e r y  case ,  magn i f i ed  t o  twice f u l l  

t a r g c t  s i z e .  To  f a c i l i t a t e  t h i s  a d j u s t m e n t ,  t h e  w id ths  

o f  a l l  t a r g e t  r c f l e c t o r s  on a s c l e c t c d  r a d i a l  p u r l i n  

havc hccn  made c q u a l  w i t h i n  c l o s c  l i m i t s .  The magn i f i -  

cation t o  I,c usccl w i t h  3 g i v c n  r i n g  can  t h e n  be s e t  s imply  

by a d j u s t i n g  t h c  r c f l c c t o r  imagc t o  €it a c c u r a t e l y  betwc.en 
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two p r r r a l l c l  lines spaced  by tw ice  t h e  w id th  of t h e  

ca l ih ra t cd  r c f l c c t o r s .  

I l i s t ance  mcasurcmcnts a r e  made from t h e  t i p  

of t h c  t a r g e t  image t o  t h c  c e n t r e  of the g r a t i c u l e  using 

;I s p c c i a l  s ca l c  hav ing  d i v i s i o n s  s p a c c d  a t  2 mm i n t e r v a l s .  

Thus cacti d i v i s i o n  measured on t h e  image co r re sponds  t o  

1 mm a t  thc t a r g e t  normal t o  t h e  l i n e  o f  s i g h t .  A l ign -  

ment o f  t h c  scale t o  g i v e  t h e  c o r r e c t  d i r e c t i o n  f o r  

measurcment  i s  t a k e n  from t h e  v e r t i c a l  s i d e s  of t h e  re -  

f l e c t o r s .  

0 .  ZNSTA1,LRTION IN TIIE RADIO TELESCOPE 

Jkiorc i n s t a l l i n g  t h c  a c t u a l  su rvey  i n s t r u m e n t  

i n  " t p r i l  l ! ) b 4  c c r t a i n  p r e l i m i n a r y  work had t o  b e  com- 

p l c t cd .  

E a r l i e r  measurements o f  d i s h  s u r f a c e  deform- 

; i t i o n s  wi th  t i l t ,  u s i n g  t h e  s p e c i a l  Askania  t h e o d o l i t e ,  

11;td r e v e a l e d  s i g n i f i c a n t  movements i n  t h e  s o l i d  surface 

01 t h e  d i s h  s u r r o u n d i n g  t h e  vertex. This  caused  t h e  

o r i g L n a 1  t h e o d o l i t e  pyramid t o  d e f l e c t  from i t s  datum 

j ~ o s t t i o n  h y  up t o  1 minute o f  a rc  a t  60" z e n i t h  a n g l e .  

'1'0 ovcrcomc t h i s ,  a r e i n f o r c i n g  t u b e  was p l a c c d  under  

t l ~ c  v c r t c x  w i t h  r i g i d  connec t ions  t o  the u n d e r s i d e  of  

tlic d i s h  s u r f a c e  aiid t o  t h e  f l o o r  o f  t h e  v e r t e x  room 

( s e e  J : igs .  3 and 7 ) .  This  s t i f f e n e d  t h e  s t r u c t u r e  very 

c o n c i d c r a k l v  as shown by t h e  f i g u r e s  quo ted  i n  S e c t i o n  7 .2 .  
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Two g l a s s  g r a t i c u l e  t a r g e t s  had been i n s t a l l e d  
I W  

d u r i n g  c o n s t r u c t i o n  t o  d e f i n e  t h e  geomet r i c  a x i s  o f  t h e  

d i s h .  One o f  t h e s e  was immediately below t h e  v e r t e x  

of the d i s h  and t h e  o t h e r  i n  t h e  f l o o r  of t h e  hub room 

( F i g .  7 ) .  The upper  of  t h e s e  had t o  be removed t o  

accommodate t h e  new ins t rumen t  and i n  any case i t  was 

consiclcrcd d c s i r a h l c  t o  r c - e s t a b l i s h  t h e  a x i s ,  T h e  ve r -  

t e x  glass t a r g e t  was f i r s t  rcplaced by a t a r g e t  o n  t h c  

€ l o o r  o f  t h c  v e r t e x  room; t h i s  is a c r o s s e d - w i r e  t a r g c t  

t o  o b v i a t e  any e r r o r  duc t o  wedgc and /o r  t i l t  e f f c c t s  

when viewing p a s t  t h i s  t a r g e t  down t o  t h e  hub room t a r g e  

On t h e  s o l i d  p a r t  of  t h e  d i s h ,  a t  a r a d i u s  of 2050 mm, 

a r e  4 equ i spaced  r e f e r e n c e  t a r g e t s ,  i d e n t i f i e d  as t h e  

B t a r g e t s ,  and t h e  v e r t e x  was r e - e s t a b l i s h e d  as t h e  

i n t c r s c c t i o n  of t a u t  w i re s  s t r e t c h e d  a c r o s s  oppos i t e  

p a i r s  of  t h e s c  t a rge ts .  The d i s h  w a s  t h e n  t i l t e d  u n t i l  

t h c o d o l i t c  o b s e r v a t i o n s  i n d i c a t e d  t h a t  t h e  p l a n c  through 

thc "C" r i n g  t a r g c t s  ( r a d i u s  o i  11,700 mm) was h o r i z o n t a  

this  was p r o v i s i o n a l l y  taken  as t h e  c r i t e r i o n  f o r  t i le 

gcomctr ic  a x i s  o f  t h e  d i s h  b e i n g  v e r t i c a l .  By means of  

a s p c c i a l  mounting f i x t u r e  and a Rank T a y l o r  Hobson 

1 

m 
h i c r o - a l i g n m e n t  t e l e s c o p e ,  a v e r t i c a l  l i n e  o f  s i g h t  

p a s s i n g  through t h e  i n t e r s e c t i o n  of t h e  w i r e s  j o i n i n g  t h  

f: t a r q c t s  was e s t a b l i s h e d .  

t a rgc t s  were then  a d j u s t e d  t o  be on t h i s  l i n e  o f  s i g h t  

The v e r t e x  and hub room 

t. 

I 
I .e ~ 
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and were s e c u r e l y  locked  i n  p o s i t i o n .  

The o r i g i n a l  pyramid was t h e n  removed and t h e  

new instrumcrr t  i n s t a l l e d  so  t h a t  t h e  axis of t h e  m i r r o r  

s p i n d l c  was c o i n c i d e n t  w i th  t h e  l i n e  through t h e c e n t r e s  

01 tlic v c r t e x  room and hub room f l o o r  t a r g e t s .  On corn- 

p l c t i o n  of t h e  ad jus tmcnts  t h e  u n i t  was s e c u r e d  by t i g h t e n -  

i n g  t h c  2 4  holding-down b o l t s .  A cove r  was i n s t a l l e d  

around the i n s t r u m e n t  to give complete wea the r  p r o t e c t i o n ;  

t h i s  cove r  i s  i n  two p a r t s ,  t h e  bot tom p a r t  a permanent 

f i x t u r e ,  t h e  t o p  p a r t  being removable f o r  o p e r a t i o n  of  

t h e  i n s t r u m e n t .  

Two s t a t i o n s  i n t o  which a c o n t r o l  box c o u l d  

b e  plugged  a s  r c q u i r e d  were e s t a b l i s h e d ;  one s t a t i o n  

was on t h e  pyramid i t s c l f  and thc  o t h e r  a l o n g s i d e  t h e  

camera i n s i d e  the v e r t e x  room r c i n f o r c i n g  tube .  The 

c o n t r o l  box i n c o r p o r a t e s  t h e  s w i t c h e s  f o r  t h e  l i g h t s ,  

t h e  s p i n d l e  r o t a t i o n  ( i n c l u d i n g  d i r e c t i o n ) ,  an exposure  

c o u n t e r ,  a s i n g l e - s h o t  camera o p e r a t i n g  b u t t o n  and i n -  

d i c a t i n g  lamps, i n c l u d i n g  one t o  show when t h e  f i l m  i n  

t h e  camera h a s  been exhaus ted .  The r h e o s t a t  f o r  c o n t r o l  

o f  l i g h t  i n t e n s i t y  i s  mounted i n s i d e  t h e  v e r t e x  room 

r e i n f o r c i n g  t u b e .  

F igu re  8 shows the  s u r v e y  i n s t r u m e n t ,  a t  t h e  

v c r t e x ,  bc ing  s e t  up f o r  n i g h t  o b s e r v a t i o n s  o f  d i s h  

de fo rma t ions .  
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7. 1 3 A L I I A T I O N  OF PERFORMANCE 

( : c r t n i n  c s s c n t i a l  rc ; l turcs  o f  tlic au tomat i c  

su rvcy  i n s t r u m e n t  wcrc t c s t c d  immcdiatcly a f t c r  i n s t a l -  

l a t i o n  a n d  somc iiavc subscqucn t ly  bccn t e s t e d  a t  inter- 

v a l s  d u r i n g  thc operation o f  thc cyuipmcnt Yince t h a t  

t i m c .  

7 . 1  D c I l e c t i o n s  w i t h i n  t h c  Ins t rumen t  

The d e f l e c t i o n s  w i t h i n  t h e  i n s t r u m e n t  i t s e l f  

w h i c h  arc most s i g n i f i c a n t  i n v o l v e  t h e  r e l a t i o n s h i p  of 

t h c  t i l t i n g  m i r r o r  and t h e  a l ignmcnt  t e l e s c o p e .  The 

mirror asscmbly i s ,  whcn locked  f o r  a p a r t i  c u l a r  a n g l e  

s c t t i n g ,  a vcry  r i g i d  u n i t  and i t  was cons idc rcd  t h a t  

thc  main s o u r c c  o f  d c f l e c t i o n  would be i n  t h e  s p i n d l e  

bearings, t he  main pyramid and t h c  t e l e s c o p e  and camera 

b r a c k e t .  

I n i t i a l l y ,  t h i s  was checked by mounting a micro-  

a l ignment  t e l e s c o p e  i n  the vee i n  p l a c e  o f  t h e  normal 

te1e;cope and a c o l l i m a t o r  u n i t  i n  t h e  p r e c i s i o n  b o r e  

of  t hc  s p i n d l e .  T h e  r e l a t i v e  a n g l e s  o f  t h e s e  two u n i t s  

wcrc obsc rvcda t  v a r i o u s  ang lc s  o f  t ilt  o f  t h e  d i s h  and 

the iii~~ximum movcmcnt appeared t o  h e  3 seconds o f  a rc ,  

which was t h c  l i m i t  of r e s o l u t i o n  01 t h e  a l ignmen t ,  t e l e -  

SCOJJC’ and c o l l i m a t o r .  
I 
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A more p r e c i s e  measurement was made a t  a l a t e r  

d a t e .  The m i r r o r  assembly w a s  removed from t h e  main 

s p i n d l e  and r e p l a c e d  by a p l a i n  p r e c i s i o n  m i r r o r  approx i -  

mate ly  s q u a r e  t o  t h e  s p i n d l e  axis  and r i g i d l y  a t t a c h e d  

t o  t h c  s p i n d l e .  An a u t o c o l l i m a t o r  was l o c a t e d  i n  t h e  

vec h r n c k c t ,  i n  p l a c c  o f  t h e  a l ignment  t c l e s c o p e ,  and 

angular o h s c r v a t i o n s  on t h c  m i r r o r  wcrc madc a t  v a r i o u s  

a n g l c s  o r  tilt o f  t h c  d i s h .  The maximum mcasurcd dt- 

f l c c t i o n  was found t o  bc  4 scconds  of a r c ,  a t  z e n i t h  ang le  

of G O "  and is c q u i v a l c n t  t o  0.57 mm a t  t h e  r i m  of  t h c  

dish.  Th i s  i i g u r e  i s  w e l l  w i t h i n  t h e  b a s i c  accuracy  

requi rement  for t h e  in s t rumen t ;  moreover,  i t  r e p r e s e n t s  

a l a r g e l y  s y s t e m a t i c  e r r o r  which i s  3 f u n c t i o n  o f  t h e  

d i s h  z e n i t h  ang le  and o f  t a r g e t  l o c a t i o n .  For  measurc- 

mcnts  of t h c  h i g h e s t  p r e c i s i o n ,  t h c r c r o r e ,  a c o r r e c t i o n  

mus t  Ijc a p p l i e d  t o  t h c  observed v a l u e s  of t h e  t a r g e t  

d c f l c c t i o n s .  

I t  i s  cons ide red  t h a t  some improvement i n  t h e  

performance o i  t h e  in s t rumen t  i n  t h i s  r e s p e c t  c o u l d  b e  

ach icvcd  b u t  t h i s  would r e q u i r e  f a i r l y  e x t e n s i v e  s t r u c t u r a l  

a l t e r a t i o n s .  
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7.2 D c f l e c t i o n s  o f  t h e  Ii istrument R e l a t i v e  t o  t h e  

lie f e rence  a x i s  

This  was measured by p l a c i n g  a Micro-al ignment  

t e l e s c o p e  i n  t h e  f i n i s h e d  b o r e  of t h e  m i r r o r  s p i n d l e  and 

obse rv ing  on t h e  r e f e r e n c e  t a r g e t s  i n  t h e  f l o o r  of t h e  

v e r t e x  room and hub room a t  v a r i o u s  ang le s  o f  tilt o f  

t h c  d i s h .  A d d i t i o n a l  o b s e r v a t i o n s  were s imul t aneous ly  

m:idc- on a s p e c i a l  c ros scd -wi rc  t a r g e t  mountcd i n  t h e  vee 

b r a c h c t  i n  p lace  o r  tlic normal t e l e s c o p e .  This  s p e c i a l  

t a r g c t  was c o n s t r u c t c d  s o  t h a t  t h c  i n t c r s e c t i o n  o f  i t s  

c r o s s c d - w i r e s  c o i n c i d e d  wi th  t h e  p o s i t i o n  of t h e  o p t i c a l  

a x i s  o f  t h e  normal  t e l e s c o p e .  

Ana lys i s  of  t h e  o b s e r v a t i o n s  on t h e  vee t a r g e t  

confirmed,  w i t h i n  t h e  accuracy of measurement, t h e  va lues  

a l r c a d y  ob ta ined  f o r  t h e  d e € l e c t i o n  w i t h i n  t h e  su rvey  

i n s  t rumcnt i t s e l f  . 
Thc o b s c r v a t i o n s  on t h c  f l o o r  t a r g e t s  showed 

d c f l c c t i o n ;  which rcach  a maximum o i  3 scconds of  a r c  a t  

t h e  (ioo p o s i t i o n .  

of t h e s c  d c f l c c t i o n s  is the  same as t h o s e  observed w i t h i n  

t h e  i n s t r u m e n t ,  i n  t h e  p lane  a t  r i g h t  a n g l e s  t h e  d i r e c t i o n  

i s  o p p o s i t e  t o  those  w i t h i n  t h e  in s t rumen t .  

I n  t h e  p l a n e  of  t ilt  t h e  d i r e c t i o n  

I t  i s  appa ren t  t h a t  t h e  i n s t a l l a t i o n  o f  t h e  

r e i n f o r c i n g  tube  has cons ide rab ly  s t i f f e n e d  t h e  s t r u c t u r e  

and has  reduced t h e  r e l a t i v e  d e f l e c t i o n  between t h e  
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i n s t rumcn t  and rcCercncc a x i s  by a f a c t o r  of 20. I t  

i s  p o s s i b l e  t h a t  t h c  rcmaining d c I l c c t i o n  r c p r c s c n t s  

;L r e a l  tilt 01 t h c  ins t rumcnt  r c l a t i v c  t o  the d i s h  as 

a wholc;  Tor cxamplc,  due t o  r e s i d u a l  buck l ing  o f  t h e  

s o l i d  d i s h  s u r f a c c  imncdia te ly  su r round ing  t h e  v e r t e x .  

I n  t h i s  c a s e ,  t h e  d e f l e c t i o n  is one o f  t h e  component 

e r r o r s  of  t h e  measuring p rocess .  S ince  i t  i s  a s u b s t a n -  

t i a l l y  s y s t e m a t i c  f u n c t i o n  of z e n i t h  a n g l e ,  it cou ld  

b e  c a l i b r a t c d  and a c o r r e c t i o n  a p p l i e d .  

I t  must b c  s t r c s s c d ,  howexcr, t h a t  t h e  "refer- 

cncc a x i s "  is d c f i n e d  by f l o o r  t a r g c t s  i n  t h e  t i l t i n g  

p a r t  o i  t h c  t c l e s c o p e  and t h e r e  may be  d i s t o r t i o n s  of  

t h c  o r d c r  of  a fcw scconds i n  t h e  hub s t n x t u r e  i t s e l f .  

Thus i t  i s  n o t  c l e a r  t h a t  t h c  measured d e f l e c t i o n  r c p -  

r e s e n t s  a r e a l  tilt of the  in s t rumen t  and t h e  m a t t e r  

cannot  r e a d i l y  b e  r e so lved  s i n c e  i t  i s  d i f f i c u l t  t o  

e s t a b l i s h  an a b s o l u t e l y  r e l i a b l e  datum w i t h i n  t h e  hub. 

U n t i l  f u r t h e r  i n v e s t i g a t i o n s  of t h i s  p o i n t  

havc hccn made, it must b c  assumed t h a t  t h e  p r e s e n t  

cnvironmcnt  of t h e  in s t rumen t  c o n t r i b u t e d  an u n c e r t a i n t y  

t o  t h c  mcasuring p roccss  o f  up t o  3 seconds of a r c  a t  

zcn i t !I a n g l c  60 O . 
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7 . 3  R c p e a t a b i l i t y  of Mcasuremcnts 

An impor t an t  a s p e c t  of t h e  performance of  t h e  

a u t o m a t i c  su rvey  in s t rumen t  is t h e  l i m i t s  w i t h i n  which 

measurerncnts made w i t h  i t  w i l l  r e p e a t .  Th i s  was assess- 

e d  by o b t a i n i n g  s i x  consecu t ive  se r ies  of  photographs 

around each of  two r i n g s  (C a t  r a d i u s  of  11,700 mm and 

M a t  r a d i u s  of  21,600 mm),  t h e  d i s h  remaining locked  

a t  thc z c n i t h  p o s i t i o n  €or each  s e r i e s .  Thc  photographs  

wcrc taken a t  n i g h t  and  wi th  a lmost  z e r o  wind, g i v i n g  

good c o n d i t i o n s .  The n c g a t i v c s  wcrc t h a n  mcasurcd i n  

t h c  normal way s o  t h a t  t h e  t c s t  was r e a l l y  on t h e  re-  

p e a t a b i l i t y  o f  t h e  whole measuring p rocess  - m i r r o r  r o t a -  

t i o n ,  photography and measurement o f  t h e  n e g a t i v e  u s i n g  

a n  e n l a r g e r .  

Using t h r e e  s t a n d a r d  d e v i a t i o n s  as a measure 

of r e p e a t a b i l i t y ,  i t  was found t h a t  measurements on C 

r i n g  r e p c a t c d  w i t h i n  0 . 3  mm and on M r i n q  

l'hcsc f i g u r c s  arc e q u i v a l c n t  t o  approximate ly  5 scc o f  

arc. 

w i t h i n  0 .5  mm. 

A s e p a r a t e  t e s t  o f  onc p a r t  o f  t h e  p r o c e s s ,  

t h c  measurements on t h e  n e g a t i v e s ,  was made. T h i s ,  o f  

c o u r s c ,  i s  ve ry  l a r g e l y  a f u n c t i o n  o f  t h e  d e f i n i t i o n  

o f  t h e  t a r g e t  image and i s  t h e r e f o r e  dependent t o  some 

e x t e n t  on t h e  c o n d i t i o n s  a t  t h e  d i s h  when t h e  photographs  

were t a k e n  ( f o r  example, c e r t a i n  wind v e l o c i t i e s  may s e t  
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up v i b r a t i o n s  i n  t h e  d i s h  s t r x t u r e  t h u s  r educ ing  de-  

f i n i t i o n  on some t a r g c t s ) .  Reasonsbly good images 

werc ob ta ined  a t  t he  time of the tests and w i t h  t h e s e  

t h e  r e p e t i t i o n  of rncasurements was found t o  be 0.3 nun 

a t  bo th  ring C and ring M. T h i s  co r re sponds  t o  S sec 

and 3 s c c  o f  a r c  r e s p e c t i v e l y .  

W h i l o  riot e x h a u s t i v e ,  t b e  t e s t s  indic;':a *:hâ , 

a s u b s t a n t i a l  par t  of t h e  o v e r a l l  error l i e s  ix  t h e  nega-  

t i v e  measurcmcnts.  The r e p e a t a b i l i t y  o f  t h e  survey in- 

s t rument  i t s e l f  i s  probably  of  t h e  o r d e r  of a few seconds 

of a r c .  

7.4  Overall Accuracy 

The o v e r a l l  accuracy  of  t h e  measuring p r o c e s s  

is  a f u n c t i o n  of t h e  va r ious  f a c t o r s  a l r e a d y  d i s c u s s e d .  

Most measurements i nvo lve  t h e  d i f f e r e n c e  be- 

tween two se ts  of obse rva t ions  as, for example,  i n  de-  

t e rmin ing  thc s u r f a c e  d e i l e c t i o a s  when t h e  d i s h  i s  t i 2 t e d  

from t h e  z e n i t h  t o  a specific angle .  It i s  a p p r o p r i a t e ,  

t h e r e f o r e ,  t o  compute t h e  combined r e p e a t a b i l i t y  as /z 

times the r e p e a t a b i l i t y  f o r  each  s i z g l e  se: of observ- 

a t i o n s  ( 5  seconds of a r c )  giving 7 secoids of arc. '&is 

means t h a t  (311.7% o f  t h e  i n d i v i d c C  a e f l e c t i o n  measuremeats 

w i l l  havc an  c r r o r  due t o  t h e  random v a r i a t i o n s  i n  t h e  

whole measuring process of less t h a n  7 seconiis of arc. 
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The d e f l e c t i o n s  w i t h i n  t h e  su rvey  in s t rumen t  

i t s e l f  (i . e .  i n t e r n a l  d i s t o r t i o n s )  and t h e  d e f l e c t i o n s  

o f  t h e  in s t rumen t  r e l a t i v e  t o  t h e  floor r e f e r e n c e  t a r g e t s  

(i.e. t h e  env i ronmen ta l  e r ror ) ,  may be combined w i t h  t h e  

e r r o r  i n  t h e  measuring process  i n  two ways. 

If a l l  t h e s e  e r ro r s  a r e  simFly added t o g e t h e r ,  

t h e  r e s u l t a n t  o v e r a l l  accuracy  of an individual d e f l e c -  

t i o n  measurement becomes 1 4  seconds Qf a r c  f o r  a d i sh  

tilt of 6 0 ° ;  t h i s  r e p r e s e n t s  t k e  most p e s s i m i s t i c  

a s ses smen t  of t h e  o v e r a l l  accuracy .  

The d e f l e c t i o n s  w i t h i n  t h e  su rvey  in s t rumen t  

i t s e l f  a r e ,  however, e s s e n t i a l l y  s y s t e m a t i c  and may be 

c a l i b r a t e d .  The measurements may, t h e r e f o r e ,  be  c o r r e c -  

t e d  by an a p p r o p r i a t e  va lue .  

t h e n  t h e  r e s u l t a n t  o f  t h e  env i ronmen ta l  u n c e r t a i n t y  

( S e c t i o n  7 .2 )  and the  r e p e a t a b i l i t y  of t h e  measuring 

p r o c e s s ,  g i v i n g  a inaximun va lue  of 10  seconds a t  a z e n i t h  

ang le  of  6 0 ’ .  Further ir?provement on t h i s  f i g u r e  can 

beach ieved  by t a k i n g  t h e  mean o f  a series of measure- 

ments on t h e  n e g a t i v e s .  

The o v e r a l l  accu racy  i s  

I t  i s  probably  r easonab le  t o  a s s e s s  t h e  over -  

a l l  accuracy  of t h e  performance as be ing  g e n e r a l l y  w i t h i n  

t h e  range from 5 seconds a t  z e r o  z e n i t h  ang le  t o  8 seconds 

a t  z e n i t h  angle  6 0 ° .  
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8 .  'TYPICAL MEASIJRI:MI!NTS WIT11 TIlE INSTRUMENT 

Somc t y p i c a l  a p p l i c a t i o n s  of t h e  au tomat i c  

s u r v c y  ins t rumcnt  a r c  d c s c r i b e d  bclow t o g e t h e r  w i t h  a 

fcw o f  thc main r c s u l t s .  Details  of  t h e  v a r i o u s  measure- 

m c n t s  undcrtakcn w i t h  t h c  ins t rumcnt  and t h c i r  c o r r e l -  

a t i o n  w i t h  r a d i o  pcrformancc w i l l / g i v c n  i n  suhscquent  
bc 

pnpc r s .  

8 .1  Dcformation of Dish duc t o  T i l t i n 2  ___- 

The au tomat i c  survcy  camera has  been used  t o  

o b t a i n  va lucs  f o r  t h c  d c f l e c t i o n s ,  normal t o  t h e  d i s h  

su r f t l cc ,  o f  a l l  o f  t hc  t a r g e t s  on t h a t  s u r f a c e .  These 

va lucs  have hccn o b t a i n e d  €or  z c n i t h  ang lc s  of l o o ,  Z O O ,  

4 0 °  :ind O O o ,  t h c  target p o s i t i o n s  a t  z c n i t h  ang le  0' 

h c i n y  t;r':rn a s  da tum.  

Thc t i m c  r c q u i r c d  t o  o b t a i n  t h c  pho tograph ic  

r e c o r d  on a s i n g l e  r i n g  of t a r g e t s  a t  a n g l e s  o f  Oo, l o o ,  
2 O o , 4 O 0 ,  60°  and a r c p e a t  a t  O o  i s  about  4 5  minutes  and 

t h c  r eco rds  f o r  two r i n g s  j u s t  f i t  on t o  one 100 f t  

rccl  o f  f i lm .  The time o f  45 minutes  i n c l u d e s ,  o f  

coursc', the t imc t o  t i l t  t h c  d i s h  and a l s o  t h e  t i m e  r e -  

qui rc t l  t o  s e t  t h c  m i r r o r ,  t h c  s p o t l i g h t s  and t h e  focus  

o f  t h c  nlignmcnt t c l c s c o p e .  
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A t y p i c a l  s c t  of r e s u l t s  f o r  a s i n g l e  r i n g  is 

givc i i  i n  Vig.  9 and a t y p i c a l  con tour  map of t h e  d e f l e c -  

t i o n s  over thc dish s u r f a c e  i s  shown i n  Fig.  10 .  

The c o n t o u r s  a r c  drawn a t  i n t e r v a l s  o f  1 mm 

and c x h i l ~ i  t c x c c l l e n t  symmetry about  t h e  v e r t i c a l  ( g r a v i -  

t a t i o n a l )  p l ane .  The  i n f l u e n c e  o i  t r i p o d  l e g  l o a d i n g  

on d i s h  Sl1ajle i s  c l e a r l y  v i s i b l e  and t h e r e  i s  ev idence  

of g r c a t c r  d e f l e c t i o n s  over  t h e  i n t e r m e d i a t e  p u r l i n s  

a s  comparcd w i t h  t h e  p u r l i n s  suppor t ed  by t h e  main d i s h  

ribs. 

8 . 2  i\.lch:isurcmcnt of 133s i c  Dish Shape - 
Tilc au tomat i c  survcy ins t rumen t  i s  e s s e n t i a l l y  

a dclr icc  f o r  t h e  measurcmcnt o f  r c l a t i v c  d i s h  d e f l e c t i o n s .  

Mcnns 11;ivc h c c n  p rov idcd ,  howcvcr, f o r  mounting t h e  Kern 

t h c o d o l i t c  s o  t h a t  a survcy of  t h c  b a s i c  d i s h  shape  can 

bc matlc . 
A s p e c i a l  p e d e s t a l  has  becn c o n s t r u c t c d  having  

an a c c u r a t e l y  machined s p i g o t  which l o c a t e s  i n  t h e  f i n i s h e d  

bo rc  o f  thc  in s t rumen t  s p i n d l e  ( i n  p l a c e  of  t h e  m i r r o r  

asscmh1y) a n d  a s u i t a b l c  mounting p l a t e  f o r  t h e  t h e o d o l i t e  

( l ; i g .  l l ( a ) ) ;  i t  i s ,  o f  cour sc ,  n e c c s s a r y  t o  remove t h e  

s p o t l i g h t s  whcn u s i n g  t h e  t h e o d o l i t c ,  The dimensions 

o r  tilc t h c o d o l i t c  p e d e s t a l  a r c  such t h a t  t h c  h e i g h t  o f  

t h c  thcodol  i t c  t r u n n i o n  a x i s  above t h c  v e r t e x  i s  t h e  same 
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as when t h e  t h e o d o l i t e  w a s  u sed  on t h e  o r i g i n a l  pyramid. 

A f u l l  t h e o d o l i t e  su rvey  of t h e  t a r g e t s  on 

t h e  d i s h  s u r f a c e  i s  extremely t i m e  consuming a l though  

w i t h  c a r c  a ve ry  h igh  accuracy ,  o f  t h e  o r d c r  t o  1 t o  2 

sccoiicls o l  arc ,  can b c  oh ta incd ,  A complctc  su rvcy  

could  occupy f o u r  t o  I i v c  f u l l  n i g h t s  o f  o b s c r v a t i o n .  

I a s l i g h t l y  lower accu racy ,  s a y  : ipproximatcly 

5 scc.';, i s  a c c c p t a b l e  then t h e  t h e o d o l i t e  and c a n c r a  

ins t r i imcnt  can be combined t o  reduce t h e  t o t a l  time on 

t h c  d i s h  t o  about  S $  hours .  

vcry  c a r c l u l l y  by means of t h c  t h e o d o l i t c  t h e  a n g u l a r  

p o s i t i o n  o f  one key t n r g c t  i n  each r i n g  ( i . c .  2 3  t a r g c t s  

i n  a l l )  and t h e n  t o  photograph each  r i n g  o f  tz t rgc ts  i n  

t u r n .  I n  t h i s  way t h c  e q u i v a l e n t  t h e o d o l i t e  v a l u c s  f o r  

The proccdure  is t o  measure 

eve ry  t n r g v t  may he o1) ta incd  by r c l a t i n g  t h e  photogrnplx 

measurciiici~ts t o  thc.  t l i e o d o l i t c  va lucs  on t h e  kcy  t a r g c t s .  

'This procctlrirc has been c a r r i e d  ou t  b u t  t h e  

c v a l u a t i o n  of t h e  rcsults h a s  n o t  as y e t  been completed.  

8 . 3  Mcasurcmcnt o f  1:ced P o s i t i o n  and D c f l c c t i o n  

'l'lie varioir..; reeds used  on t h e  r a d i o  t e l e s c o p e  

a r c  i~iountcd from ;i i c '  - d  p l a t fo rm immediately b c l o h  t h c  

a c r i n l  ca l j i n .  T h i s  f c d  p l a t f o r m  can ;le ad jus tc r l  axi:!llb- 

€or best  hcLts a n d  t!i c c n t r a l  s c c t i o n  (6 f t  i n  d iameter1  

can 1.c rotntccl  throii,:lt 30O0 f o r  p o l a r i z a t i o n  mcasurcmcnt '- 

and para1  l a c t i c  a n g l c  c o r r e c t i o n s .  
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i3y rcmoving t h c  m i r r o r  asscmbly from t h e  s p i n d l c  

of  tlic s u r v c y  i n s t r u m c n t ,  the a l ignment  t e l e s c o p e  can be 

focussed  on n s u i t a b l c  t a r g c t  p l a c e d  a t  t h e  c e n t r e  o f  t h e  

f e e d  p l a t fo rm.  T h i s  t a r g c t  w a s  made i n  t h e  form of a 

t r a n s p a r c n t  g r i d  g r a t i c u l e  w i t h  2 m s p a c i n g ,  and was 

bach i l l u m i n a t c d .  A t y p i c a l  photograph o f  t h i s  t a r g e t  

is shown i n  F i g .  1 2 .  

Using t h c  g r a t i c u l c  i n  thc  a l ignmcnt  t c l e s c o p e  

3s r c r c r c n c c  t h e  p o s i t i o n  o f  t h c  f e e d  r e l a t i v e  t o  t h e  

a x i s  o f  t h e  su rvcy  ins t rumcnt  and t h c  d e f l e c t i o n  of  t h e  

Eccd ;is the  d i s h  i s  t i l t e d  can h e  r e a d i l y  determined.  

For t h i s  purposc i t  has bcen found conven ien t  t o  use  

t he  i isahi I’cntax (wi th  20 o r  36 cxposure  c a s s e t t c s )  i n  

prcfcrcncc  t o  thc Shackman camcra. 

i t  was found t h a t  t h c  a n g u l a r  f e e d  d c f l e c t i o n  

was c l o s c l y  p r o p o r t i o n a l  t o  t h e  s i n c  o f  the z e n i t h  ang le  

a n d  ;iniounts t o  3 . 8  minutes o f  a r c  a t  6 0 ° ,  cor re spond ing  

t o  i? l i n c a r  d e f l e c t i o n  oi 29 mm a t  t h e  feed  p o i n t .  

8 . 4  R e l a t i o n  o f  Var ious  Telescope Axes t o  t h e  G r a v i t a t i o n a l  

V c r t i c a l  

A u s e f u l  € e a t u r e  o f  t h e  su rvcy  i n s t r u m e n t  i s  

t h a t  i t  Trovides  a mcthod f o r  measuring t h e  i n c l i n a t i o n  

o f  t h c  i n s t rumen t  s p i n d l e  axes  t o  t h e  g r a v i t a t i o n a l  ve r -  

t i c a l ,  w i t h  the d i s h  n e a r  z e r o  z e n i t h  a n g l e .  
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A second p c d c s t a l  has  been made s i m i l a r  t o  t h a t  

Tor tlic t h c o d o l i t c ,  b u t  having a lapped  s t e c l  u p p e r  s u r -  

face a c c u r a t c l y  s q u a r e  t o  its s p i g o t  (see Fig .  l l ( b ) ) .  

Wit.h this p e d e s t a l  mounted i n  t h e  in s t rumen t  s p i n d l e  

an engineer's p r e c i s i o n  l e v e l  p l a c e d  on t h e  lapped s u r -  

f a c e  givcxs the i n c l i n a t i o n  o f  t h e  s p i n d l e  a x i s  t o  t h e  

g r a v i t a t i o n a l  v e r t i c a l .  I t  has bccn  found t h a t  a C a r l  

Zciss (.Jv1i;i) Coincidence 1,evcl i s  vcry  s a t i s f a c t o r y  f o r  

th is  p t i ~ - ~ ~ ' ) s e  and 3 p r e c i s i o n  of  2 t o  3 seconds o f  a r c  

is r-cadi I!' a t t a i n n b l c .  

f:ombincd w i t h  a b a s i c  d i s h  S U F V C ~ ,  t h e  use of  

tiic l c v c l  :ind p c d c s t a l  c n a b l c s  t h c  d i sk  a x i s  and f eed  

p o i n t  t o  1 ) .  r c l a t c d  t o  t l ic g r a v i t a t i o n a l  v e r t i c a l .  Owing 

t o  v n r i a t i : ' n s  i n  t h e  su r face  o f  t h c  azimuth t r a c k  o f  t h e  

r a d i o  tc lck-cope,  t h i s  r e l a t i o n s h i p  chan:cs wi th  azimuth. 

By t a k i n g  vnasurcments  a t  a ser ies  o f  a ; i w t h s  through 

3 0 0 ° ,  userit1 i n fo rma t ion  on t r a c k  l c v e l  v a r i a t i o n s  can 

1 1 ~ 8  obta i i1c.J and, i n  a d d i t i o n ,  tlic inc1i i i : i t ion of  t h c  

azi i i iut l i  a x i  ; t o  tlic v c r t  i c a l  can b c  computed. 

1 1 1  t h e  Parkes t e l c s c o p c ,  t h c  a - imuth  a x i s  i s  

us( \d  as thc.  t c l e s c o p c  " v c r t i c a l "  r a t h e r  Than the g r a v i -  

t a t i o n a l  v e r t i c a l ,  i n  o rde r  t o  ma in ta in  t h e  c o r r e c t  re-  

l a t i o n s h i p  I)etween t h e  e q u a t o r i a l  and a l t a z i m u t h  i n d i c a t -  

o r s .  T h e  tcxchnique desc r ibed  t h e r e f o r e  p rov ides  t ; ~ c  
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means f o r  s e t t i n g  t h e  ze ro  o f  t h e  z e n i t h - a n g l e  i n d i c a t o r  

by r c l a t i n g  t h e  gcomct r i ca l  a x i s  o i  t h c  d i s h  t o  t h e  

azimuth a x i s .  

9 .  CONCLUSIONS 

T h e  new s u r v e y  in s t rumen t  e n a b l e s  t h e  s u r f a c e  

deformat ions  o f  t h e  210- f t  r a d i o  t e l e s c o p e  t o  be  measured 

i n  a r e l a t i v e l y  s h o r t  time w i t h  an accuracy  r ang ing  

from 5 seconds o r  a rc  a t  low z e n i t h  a n g l e s  t o  8 seconds 

oT arc a t  z c n i t h  angle  6 0 °  ( t h e s e  va lues  co r re spond  t o  

0.74 inni and 1 . 2  mm r c s p e c t i v c l y  a t  t h c  r im) .  

T t  a l s o  c n a h l e s  a d e t a i l e d  su rvey  a t  z e n i t h  

s n g l c  O o  t o  be  c a r r i e d  ou t  vc ry  q u i c k l y  w i t h  n o t  t oo  

g r e a t  n l o s s  o f  accuracy  ove r  a f u l l  t h e o d o l i t e  su rvey .  

Measurcmcnts of f e e d  p o s i t i o n  and d e f l e c t i o n ,  

o f  tiic r e l a t i o n s h i p  of t h e  d i s h  t o  t h e  t r u e  v e r t i c a l  

and 01 v a r i a t i o n s  i n  t h e  p o s i t i o n  of  t h e  d i s h  axis  due 

t o  azimuth t r ack  i r r e g u l a r i t i e s  can/be  o b t a i n e d  re la t ive-  
a l l  

11- quickly and t o  xccurac i e s  o f  5 seconds  of  arc o r  
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Figure 4.-Survey i n s t r u m e n t  i i  i t e s t  s t a n d .  
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F i g u r e  5.-Surface target and re 
j e c t e d  for analysis. 
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Figure 6b.-fnstruments for m e a s u r i n g  position of target relative to mesh. 



I 
B 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Figure 6b.-Instruments f o r  measuring position of target relative t o  mesh. . 
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Azimuth A x i s  + 
Figure 7 . -  Positions of targets  used w i t h  survey instrument 
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Figure 10.- Typical d e f l e c t i c n  contours produced  h v  tilting d i s h  t o  a z e n i t h  
angle  of 4 0 ’  
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F i g u r e  l l a .  - S p e c i a l  mounting p e d e s t a l s  f o r  t h e o d o l i t e .  
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m'igure 1 2 .  -Ph t o g r a p h  o f  s p e c i a l  feed t a r  e t  t a k e n  w i t h  t h e  s u r  e i n s t r u m e n t .  


